We describe the safety profile of nifedipine GITS as assessed from adverse events reported in the AC-TION trial in which 7,665 patients with stable, symptomatic coronary artery disease were randomly assigned nifedipine GITS or placebo and followed for a mean of 4.9 years. Methods: All adverse events were coded using the COSTART coding dictionary. The incidence rate for each event was calculated as the number of patients with the event concerned divided by the total time 'at risk'. Hazard ratios comparing nifedipine with placebo and their 95% confidence intervals were obtained by Cox proportional-hazards analysis. Results: As reported previously, nifedipine significantly reduced the incidence of cardiovascular events and procedures [hazard ratio (HR) 0.89, 95% confidence interval (CI) 0.83-0.95]. Apart from the known side effects of nifedipine, which include peripheral oedema, vasodilatation, hypotension, asthenia, constipation, leg cramps, non-specific respiratory complaints, impotence and polyuria, and which were reported more frequently in patients assigned nifedipine, the incidence rates of most other adverse events were similar. There were no differences in the occurrence of gastrointestinal haemorrhage, myocardial infarction and suicide. The rate of occurrence of death or new cancer excluding non-melanoma skin cancer for patients with no history of cancer at baseline was 2.53/100 patient years for patients assigned nifedipine and 2.37/100 patient years for patients assigned placebo (HR 1.06, 95% CI 0.93-1.22). Conclusion: Overall nifedipine GITS was well tolerated by patients with stable symptomatic angina.
Introduction
In the mid 1990s there was vigorous debate about the safety of calcium channel antagonists in the treatment of cardiovascular diseases [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A case-control study had suggested an increased risk of myocardial infarction in hypertensive patients treated with calcium channel antagonists [12] . Further questions about safety were raised in a meta-analysis of randomised, controlled trials in patients with ischaemic heart disease [13] , and in the EPESE (Established Populations for Epidemiologic Studies of the Elderly) cohort study of antihypertensive medications in the elderly [14] . There was uncertainty whether the observed cardiovascular adverse effects were confined to short-acting formulations of calcium channel antagonists, or were a drug-class action [15] . In addition claims were made concerning an increased risk of cancer, major gastrointestinal haemorrhage, and suicide [16] [17] [18] [19] [20] [21] .
More recently, several studies with calcium channel antagonists have been reported mostly in patients with hypertension or with acute coronary syndromes. The findings refuted the earlier claims of harm [22] [23] [24] [25] [26] . However, data on the efficacy and safety of nifedipine, especially of the long-acting formulation, in stable angina was lacking. TIBET (Total Ischemic Burden European Trial) [27] showed no difference between slow-release nifedipine, atenolol and their combination for major cardiovascular endpoints in patients with stable angina while the withdrawal rate of study medication was highest in the combination group [28] . As TIBET was too small to assess effects on morbidity and mortality, the need for a large-scale and long-term trial remained. From the randomised, placebo-controlled ACTION trial (A Coronary disease Trial Investigating Outcome with Nifedipine GITS) in 7,665 patients with stable symptomatic coronary disease followed for a mean of 4.9 years, we have reported the effects of long-acting nifedipine GITS (gastro-intestinal therapeutic system) on clinical outcomes [29] . The conclusion was that the addition of nifedipine GITS to the conventional treatment of angina pectoris was safe and survival free of a cardiovascular event or a procedure was prolonged. As is customary in drug trials, adverse events were recorded using the International Conference on Harmonisation (ICH) Good Clinical Practice (GCP) definitions. We report here the general safety profile of nifedipine GITS based on adverse events reported in the ACTION trial.
Methods

Design
The ACTION study was carried out in accordance with the provisions of the Declaration of Helsinki, ICH GCP requirements of the European Union and relevant local laws and regulations. Its design, methods and main results have been published previously [29, 30] . Briefly, patients aged 35 years or older with stable symptomatic angina pectoris requiring treatment were randomly assigned in equal proportions to either nifedipine GITS or matching placebo in addition to their current treatment. Apart from angina, patients had to have either a history of MI, proven angiographic coronary artery disease (CAD), or a positive exercise test or perfusion defect. The left-ventricular ejection fraction had to be at least 40%. Major exclusions were: clinically significant heart failure, any major CV event or intervention within the last three months, planned coronary angiography or intervention, known intolerance to dihydropyridines, clinically significant valvular or pulmonary disease, unstable insulin-dependent diabetes mellitus, any gastro-intestinal condition that prohibited the use of GITS tablets, any condition other than CAD that limited life expectancy, hypotension or uncontrolled hypertension, and elevated creatinine or aminotransferase levels. Women could only participate if there was no risk of pregnancy. Detailed selection criteria and definitions have been described elsewhere [30] .
Initial treatment was with nifedipine GITS 30 mg once daily, increasing to 60 mg once daily within six weeks, or matching placebo. Physicians were encouraged to attempt risk factor modification and to treat symptomatic angina with compatible medications. Lipid-lowering treatment was either continued or started at the same time as study medication according to internationally accepted guidelines. The following drugs could not be used in combination with study medication: calcium channel antagonists (2-week washout required before entry), cardiac glycosides (unless given for supra-ventricular arrhythmias), other positive inotropic agents, class I or III anti-arrhythmics (other than amiodarone or sotalol), cimetidine, anti-psychotic and anti-epileptic drugs, rifampicin or rifampine.
Patients were seen in the out-patient clinic two weeks, six weeks and six months after study medication was started, and from then onwards every six months. Between visits, patients were contacted by telephone. Reasons for stopping study medication earlier than planned were coded in the Case Report Form and included patient refusal, clinical reasons or contraindications, and the need to start concomitant treatment that was incompatible with study medication.
Non-fasting blood tests were performed prior to starting study medication for the following parameters: creatinine, total creatine kinase (CK), aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), total bilirubin, alkaline phosphatase, sodium, potassium, uric acid, glucose, total cholesterol, haemoglobin, haematocrit and white blood cell count. Thereafter, all tests except total cholesterol were repeated after 6 months, and after every two years. All tests including total cholesterol were repeated at the end of follow-up.
A 12-lead ECG was performed before starting study medication, and thereafter every 6 months. For each ECG the investigator recorded the ventricular rate (bpm), PQ, PR, QRS and QT intervals in milliseconds (ms) and ST-depression in millivolts (mV), and coded rhythm, conduction, and wave morphology abnormalities.
Adverse event reporting
All patients were followed from the first intake of study medication onwards until death or the pre-defined end of follow-up irrespective of withdrawal of study medication beforehand. The sponsor's standard adverse event report forms based on CIOMS (Council for International Organizations of Medical Sciences) recommendations were used to document adverse events. An adverse event was defined as any undesirable experience that occurred during the trial, whether or not considered related to study medication. This included new laboratory test and ECG abnormalities considered clinically relevant by the investigator. An adverse event which was fatal, life threatening, disabling, resulted in or prolonged hospitalisation, or concerned the occurrence of cancer was considered as serious. Serious adverse events were reported within 24 hours of the investigator's awareness on the sponsor's standard two-page serious adverse event report form. The serious adverse event form was also used to report major diagnostic and intervention procedures irrespective of their indication. Based on the terms reported by the investigator, all adverse events were coded using the COSTART (coding symbols for thesaurus of adverse reaction terms) coding dictionary [31] .
In our analysis, incidence of new cancer is only considered in patients without a baseline history of cancer. Pathological reports were obtained for all cases of new cancer during follow-up. The composite of death and incidence of any cancer is reported since patients may have died with undiagnosed cancer. Cancers excluding nonmelanoma skin cancers are reported since the diagnosis and ascertainment of skin cancer can be misleading. This approach has been used in major trials, [32, 33] one of which [33] was the trial upon which the power calculation for ACTION was based [30] .
Statistical methods
We used the SLAIN (slope adjusted for intercept) method [34] to assess effects of nifedipine on the rate of change of laboratory parameters and QT, QRS, PQ/PR ECG intervals. The SLAIN analysis estimates the slope and intercept for each patient, using the laboratory test values measured at baseline and during follow-up as dependent, and time as an independent variable. The slopes are then correlated with study drug treatment while adjusting for intercept.
We considered all adverse events reported as of the first intake of study medication up to the end of followup for inclusion in the present report. For each adverse event, we calculated by assigned treatment the incidence rate, taken as the number of patients with the event concerned divided by the total time 'at risk'. For this purpose, we combined serious and non-serious adverse events, and ignored if the patient was using double-blind study medication at the time of the event or not. Hazard ratios (HRs) comparing nifedipine with placebo and their 95% confidence intervals (CIs) were obtained by Cox proportional-hazards analysis using treatment allocation as the only covariate. No adjustment for multiple testing was made.
Given the large number of reported cardiovascular and non-cardiovascular adverse events, we limited tabulation of events to the total that were reported for each COSTART body system. In addition, we grouped cardiovascular COSTART codes referring to the same clinical entity (see Appendix) and tabulated all cardiovascular adverse events reported in ACTION for which there was a statistically significant (95% CI of HR does not include unity) difference between treatment groups, or that are mentioned in the manufacturer's core data sheet for nifedipine GITS, or which occurred at a rate of at least 0.5/100 patient-years. For the noncardiovascular events, we tabulated for each body system class those events that occurred statistically significantly more frequently in one treatment group than in the other, or are mentioned in the core data sheet for nifedipine GITS as an untoward experience occurring in at least 1% of patients, or were malignant. In addition, we tabulated gastrointestinal bleeding (after combining events as indicated in the Appendix), depression and suicide attempt because these diagnoses have been suggested to be related to calcium channel antagonists [23] . Finally, we tabulated all events diagnosed as malignant separately and irrespective of their frequency.
Results
As reported elsewhere [29] , ACTION was completed as planned. Study medication was started in 7,665 patients (3 825 nifedipine GITS, 3 840 placebo). Key characteristics of the ACTION population are shown in Table 1 .
Alkaline phosphatase showed an upward trend of 1.13 U/L per year of follow-up in patients allocated nifedipine as opposed to 0.02 U/L per year in patients assigned placebo (p = 0.006, SLAIN method). Bilirubinaemia and hyperuricaemia were reported more frequently in patients assigned placebo than patients assigned nifedipine (HR 0.35, 95% CI 0.14-0.90; and HR 0.66, 95% CI 0.48-0.91 respectively, c.f. Figure 3 ). There were no differences between treatment groups for the other laboratory tests performed.
There were no effects on the PQ, QRS and QT intervals in electrocardiograms. Effects of nifedipine on changes of heart rate and blood pressure have been published [29] .
The total number of reported adverse events for patients assigned nifedipine and to placebo was similar (41 014 nifedipine, 40 775 placebo), as was the number of patients who experienced at least one adverse event (96% in both treatment groups). The percentage of patients who experienced at least one serious adverse event was similar in both treatment groups (58%) but in total fewer serious adverse events were reported for patients assigned nifedipine (8 191 as opposed to 8 530 for placebo). Study medication was withdrawn permanently two or more days before death or the end of follow-up in 1 305 (34%) patients assigned nifedipine and in 1 179 (31%) patients assigned placebo. The most frequent reason for stopping study medication was refusal to continue (11% of patients assigned nifedipine vs. 10% of patients assigned placebo) or intolerable signs or symptoms that could not be controlled by dose reduction (11% of patients assigned nifedipine vs. 5% of patients assigned placebo, p < 0.001). Figure 1 shows adverse events using the COSTART body system classification. The incidence rates of adverse events within each COSTART body system were similar in both treatment groups except for body as a whole, cardiovascular, musculoskeletal, respiratory and urogenital. Cardiovascular events excluding peripheral oedema and respiratory events were significantly more frequent in patients assigned placebo; while body as a whole, cardiovascular events including peripheral oedema, musculoskeletal and urogenital events were significantly more frequent in patients assigned nifedipine. Figure 2 shows a breakdown of adverse events within the COSTART body system cardiovascular. As expected, assignment to nifedipine was associated with a significantly increased incidence of peripheral oedema, hypotension and vasodilatation, and significantly reduced incidence of angina pectoris, hypertension, heart failure, bradycardia, and pericardial effusion. Figures 3 and 4 show the occurrence of selected (c.f. statistical methods) events for each COSTART body system. For the COSTART body system body as a whole, asthenia and viral infection occurred more frequently in the nifedipine group. There was no difference in the rate of reported suicide attempts between the two treatment groups. For the COSTART body system digestive, constipation was significantly more frequent in patients assigned nifedipine whereas the rate of diarrhoea was significantly less in patients assigned nifedipine. There was no difference in the rate of gastrointestinal bleeding between the two treatment groups. In the COSTART body system musculoskeletal, leg cramps occurred significantly more frequently in patients assigned nifedipine. In the COSTART body system nervous, dizziness was reported frequently (5/100 patient-years) and with equal frequency in both treatment groups. Depression, cerebral ischaemia, amnesia, cerebral haemorrhage, and dysarthria were all significantly less often reported in patients assigned nifedipine. In the COSTART body system respiratory, respiratory disorder and hyperventilation were more frequently reported for patients assigned nifedipine
Fig. 1. Combined occurrence of adverse events by COSTART body system class. Note: Dot size indicating the hazard ratio corresponds to the percentage of patients concerned <33% (smallest dot), 33-66% (medium size dot), >66% (largest size dot). SAE denotes serious adverse event and CI confidence interval. * Number of patients with event per 100 patient-years at risk.
Fig. 2. Break-down of cardiovascular adverse events.Note: Dot size indicating the hazard ratio corresponds to the percentage of patients with the event concerned <3% (smallest dot), 3-15% (medium-size dot), >15% (largest size dot). SAE denotes serious adverse event and CI confidence interval. * Number of patients with event per 100 patient-years at risk.
Fig. 3. Break-down of adverse events by COSTART body system class.Note: Dot size indicating the hazard ratio corresponds to the percentage of patients with the event concerned <3% (smallest dot), 3-15% (medium-size dot), >15% (largest size dot). SAE denotes serious adverse event and CI confidence interval. * Number of patients with event per 100 patient-years at risk.
whilst coughing and apnoea occurred more frequently in the placebo group. In the COSTART body system skin and appendages, there were significant differences for eczema in favour of placebo and sweating in favour of nifedipine. Urinary tract infection, impotence, polyuria, urinary tract disorder and testis disorder were associated with nifedipine, while vaginitis and gynaecomastia were associated with placebo.
The numbers of patients in each treatment group for whom the presence of any form of cancer was known at entry into the trial were similar: 170 (4.4%) nifedipine, 186 (4.8%) placebo. The numbers of patients without a baseline history of cancer who were diagnosed with cancer during follow-up are shown in Figure 5 . Death or the development of any cancer in patients without a baseline cancer history occurred in 502 and 454 patients assigned nifedipine and placebo respectively. The corresponding event rates were 2.88/100 patient-years for nifedipine and 2.58/100 patient-years for placebo (HR 1.11, 95% CI 0.98-1.26). Any type of cancer was reported for 311 patients assigned nifedipine and 262 patients assigned placebo. The excess of 49 cases of any type of cancer (0.29 per 100 years of follow-up) in the nifedipine group was attributable almost entirely to an excess of cancer within the COSTART body systems skin and appendages (24 excess cases) and urogenital (27 excess cases) in patients assigned nifedipine. Basal/squamous cell carcinoma occurred in 63 patients assigned nifedipine and 43 patients assigned placebo. Five patients with non-melanoma skin cancer died during the study. None of these deaths were related to the skin cancer. Excluding non-melanoma skin cancer, death or cancer occurred in 445 patients assigned nifedipine and 419 assigned placebo corresponding to rates of 2.53/100 patient years and 2.37/100 patient years (HR 1.06, 95% CI 0.93-1.22).
The occurrence of cancer in the urogenital system was more marked in females than in males. The total number of women who had any urogenital cancer was 25 among those assigned nifedipine and eight among placebo. The corresponding event rates were 0.70 and 0.22 per 100 patient years respectively (HR 3.24, 95% CI 1.46-7.17). Breast cancer was diagnosed in 15 female patients assigned nifedipine and seven female patients assigned placebo (0.42/100 patient years and 0.19/100 patient years for female patients allocated nifedipine and placebo respectively, rate difference 0.23/100 patient years). Breast cancer was also diagnosed in two male patients-one each in the nifedipine and placebo treatment groups. In Figure 5 , other urogenital cancers included endometrial cancer in five patients as- signed nifedipine and one patient assigned placebo, ovarian cancer in four patients assigned nifedipine and no patient assigned placebo, and cervical cancer in one patient assigned nifedipine and no patient assigned placebo.
Discussion
In the 1990s there was much controversy concerning the safety of calcium channel antagonists focussing on short acting preparations and clinical outcomes relating to myocardial infarction, gastrointestinal haemorrhage, suicide and cancer. The ACTION study was a large and long randomised trial using the long-acting preparation of the calcium channel antagonist nifedipine in patients with stable symptomatic angina pectoris. Its main results are summarised in Table 1. ACTION provided an opportunity for a detailed examination of adverse events. For the present purpose we have analysed the complete ACTION safety database, but report only COSTART codeable adverse events considered relevant (c.f. statistical methods). It follows that there were no differences between treatment groups for events not mentioned. Screening the safety data base for differences and selecting events for inclusion in the present report involved multiple testing of statistical significance. We emphasise that this has implications for cumulative type I errors and increases the probability of chance findings. The more conservative approach is to adjust for multiple testing when calculating p-values and confidence intervals. This increases the probability that legitimately significant results will not be detected because of a type II error. Hence, we have opted to use unadjusted tests, and report hazard ratios with 95% confidence intervals rather than p-values. As always, the findings should be considered in relation to plausibility, existing scientific knowledge, specificity and coherence. Furthermore, in interpreting our findings it is imperative to consider the width of the confidence intervals reported. A wide confidence interval for a rare event indicates that our data does not allow a definitive conclusion even when the interval does not include unity for the hazard ratio.
The present analysis corroborates our previously published results. The finding that nifedipine reduced the incidence of new overt heart failure as classified by the ACTION Critical Events Committee was novel [29] . The latter was based on strict criteria. A similar conclusion with respect to heart failure was obtained based on adverse events as reported by investigators. In addition, nifedipine reduced the rate of angina pectoris, hypertension, bradycardia, and cerebral ischemia and haemorrhage. As expected, peripheral oedema in the absence of heart failure was more common with nifedipine. The MATH trial also reported that peripheral oedema was among the most common adverse events of nifedipine GITS, but that the oedema was not associated with overall body fluid retention [36] .
The known side effects of nifedipine, including peripheral oedema, vasodilatation, hypotension, asthenia, constipation, leg cramps, non-specific respiratory complaints, impotence and polyuria were reported more frequently for patients assigned nifedipine (Figure 2) . The incidence rates of most other reported adverse events were similar. There was an increase in the rate of viral infection and urinary tract infection in the nifedipine group but the rate difference between the two groups was small (0.10/100 patient years and 0.28/100 patient years for viral infection and urinary tract infection respectively). There was no increase in the occurrence of myocardial infarction or suicide. Major bleeding is another alleged adverse event with calcium channel antagonists. Current evidence is contradictory, and data specific to nifedipine is scarce [23] . The findings in ACTION show that nifedipine GITS does not cause major gastrointestinal haemorrhage.
Many different types of cardiovascular drugs, including antihypertensives, statins and angiotension receptor blockers have been reported to increase the risk of cancer [37] [38] [39] . A recent review of current evidence concluded that although there may be a weak association of β-blockers and diuretics therapy with malignancy, the management of hypertension following current treatment guidelines can be continued with little fear of any substantial risk of cancer [40] . Data about the risk of cancer in calcium channel antagonists users are controversial [23, 40] . Observational studies suggested that use of calcium channel antagonists could be associated with increased risk of malignancy [16, 17] . Three large case-controlled studies showed no association [41] [42] [43] . In a recent cohort study, where detailed information on the drug use was available and potential confounders were well controlled, an increased risk of cancer was reported with verapamil, but the risk was not associated with diltiazem or nifedipine use [44] .
In the present study the rate of death or any cancer (including non-melanoma skin cancer) was slightly higher but not statistically different between the two treatment groups. The data on particular cancers is based on small numbers of cases and significant differences could represent chance findings. The imbalance in cancer between the two groups is driven by nonmelanoma skin cancers, which are usually excluded from evaluations [32, 33] , and by urogenital cancers in females. The number of females in the nifedipine and placebo groups were 784 and 797. The small number of women limits the reliability of any statistical assessment.
The adverse and serious adverse events reported in the ACTION trial demonstrate that nifedipine GITS is a well tolerated drug for use in the treatment of angina with clear clinical benefit on cardiovascular events and the rate of procedures. The information reported allows the physician to balance efficacy and safety, and provide robust information to patients on side-effects of the drug.
